Cu 1-x Mg x Fe 2 O 4 ferrites with (x = 0.2, 0.4, 0.6, 0.8 and 1.0) has been synthesized by double sintering ceramic technique at 1150 0 C for 2hr and investigated for their structure, microstructure, complex permeability behaviour, DC and AC resistivity, dielectric constant measurements. X-ray analysis indicated the formation of single-phase cubic spinel structure for all samples and the lattice parameter was found to decrease with increasing Mg content. Grain size was found to decrease from 34.36 to 4.16 m with the increase of Mg contents. The real part of initial permeability (μ ′ ) remained constant up to certain lower range of frequency after it decreased slightly to lower value of permeability at which imaginary part of permeability (μ ) showed a maximum value. The decrease of μ ′ is observed with the increase of Mg content which is attributed to a decrease of grain size. DC electrical resistivity and dielectric constant decreased with increasing Mg content and AC resistivity decreased with increasing frequency, exhibiting normal ferrimagnetic behaviour. The observed variation of electrical and dielectric properties has been explained on the basis of the electronic hopping frequency between Fe 2+ and Fe 3+ ions in present samples.
Introduction
Spinel ferrites are important metal oxides that posses ferrimagnetic and are widely applied in electrical devices, such as information storage and microwave devices, because of their excellent electromagnetic properties, high electrical resistivity and low eddy current [1, 2] . The high electrical resistivity and good magnetic properties make the ferrites an excellent core material for power transformers in electronic and telecommunication applications. These ferrites possessing cubic close-packed structure of oxygen ions are described by the formula (A) [ 4 where round and square brackets denote the Aand B-sites, respectively, M represents a metal cation and δ for spinel ferrites is defined as the fraction of tetrahedral (A)-sites occupied by trivalent cations. Accordingly, for a normal spinel δ=0 and for a completely inverse spinel δ=1. The magnetic and the electric properties of such a ferrite system depend upon the type of metal cations and their distribution among the two interstitial sites that is A-and B-sites. The electrical properties of ferrites also markedly depend on the sintering time and temperature, chemical composition, preparation conditions, and the quality and type of additives. Among all ferrites, Copper ferrite (CuFe 2 O 4 ) is one of the most important ferrites which has both magnetic and semiconducting properties and have widely used in electronic industry [3] . Recently there is a growing interest on Mg-based ferrites to use in transformer, ferro-fluids, magnetic cores of coils, catalysts, gas sensors and humidity sensors because of their high resistivity and low dielectric lossess [4] [5] [6] . Extensive works has been reported regarding the non-magnetic substitution in the different ferrites system in order to improve their magnetic and electrical properties. The aim of this present work is twofold: First the phase analysis and microstructural study by XRD and SEM. Second to observe the magnetic behaviour by complex permeability, electrical and dielectric properties of the non-magnetic Mg substituted in Cu-Mg ferrites.
Experimental

Sample Preparation
Cu 1-x Mg x Fe 2 O 4 (x=0.2, 0.4, 0.6, 0.8, 1.0) has been prepared by the double sintering ceramic technique. High purity reagent nano-powders of CuO, MgO, and Fe 2 O 3 were mixed according to their molecular weight. Intimate mixing for the materials was carried out for 4 hours using agate mortar and then the materials in ethyl alcohol were poured into an agate jar placed into a planetary grinding miller, and then the materials were continuously milled for 4 hours. The slurry was dried and was pressed into disc shape sample. The disc shaped sample was pre-sintered at 1000 0 C for 4 hours at a heating rate of 4 0 C/minute in air to form ferrite through chemical reaction. The pre-sintered material was again crushed and wet milled for another 4 hours in distilled water to reduce it to small crystallites of uniform size. The mixture was dried and a few drops of saturated solution of polyvinyl alcohol were added as a binder. The resulting powders were pressed uniaxially under a pressure of (15-20 kN/cm 2 ) in a stainless steel dies to make pellets.
The pressed pellets (9 mm diameter, 3 mm thickness) toroids (12 mm outer diameter, 8 mm inner diameter and 4 mm thickness) were then finally sintered at 1150 0 C 2 hours. All samples were heated slowly in the programmable Muffle furnace (Model HTL 10/17, Germany) at the rate of about 220 0 /hours increase to avoid cracking of the samples.
Sample characterization
Phase analysis was done by X-ray diffraction using Phillips (PW3040) X Pert PRO Xray diffractometer. The microstructures of the samples were done by a scanning electron microscope (SEM) (model: FEI Inspect S50). The SEM micrographs were taken on the smooth surface of the pellet-shaped polished samples. Before taking micrographs, the surface of the samples were thermally etched at a temperature of 150 o C below the sintering temperature. Frequency dependence complex permeability of the toroid shaped samples at room temperature was measured with 6500B Impedance Analyzer at frequency range from 1 kHz to 15 MHz. The pellet samples were well polished to remove any roughness and the two surfaces of each pellet were coated with a silver paste as contact materials for electrical measurements. The DC electrical resistivity was carried out by using Keithley Electrometer and the AC resistivity and dielectric constant measurements as a function of frequency in the range 1 kHz-10 MHz at room temperature was carried out by using WAYNE KERR Impedance Analyzer (Model: 6500B).
Results and Discussion
Structural properties
Typical XRD patterns for the sample Cu 1-x Mg x Fe 2 O 4 with x=0.4 is illustrated in Fig. 1(a) . The data showed intense sharp peaks and reveal well-crystalline single phase spinal structure for all Mg content. No other crystalline phase was observed indicating good stability of the ferrite compositions. The line profile, shown in 
Microstructural analysis
The grain size, grain boundary and porosity are important factors in microstructure, which influence the magnetic and electrical properties of Cu-Mg ferrites. [14] similar to present sample. This is because MgO acts as a microstructural stabilizator responsible for finer and uniform grain size [15] . Also MgO is a stable oxide avoids presence of divalent iron and there by circumvent tendency of discontinuous grain growth. Moreover the decrease of grain size could be due to increase of intra-granular porosity since the pores neutralize the driving force and the thickness of the grain boundary is found to increase with a decrease in grain size.
Complex permeability
Complex permeability is given by the complex notation = ´ -j where ´ = real part of permeability (in phase), =imaginary part of permeability (out of phase) and j = unit imaginary vector. The variation of complex permeability spectra for Cu 1-x Mg x Fe 2 O 4 ferrites samples sintered at 1150 o C is shown in Fig. 3 which demonstrates that the real component of permeability, ´ is reasonably constant with frequency but fall at higher frequencies. The imaginary component of permeability, on the other hand, increases where as the real component ´ falls to lower value of permeability. Similar type of behaviour of permeability has been observed in Cu-Zn ferrites [16] . The general characteristic of the permeability spectra (Fig. 3) is that ´ remains fairly constant in a certain frequency range, while at higher frequency it drops to lower value of permeability. The imaginary component rises and increase quite abruptly making a peak at a certain frequency where the real component ´ falls rapidly. The fairly constant ´ values over a large frequency range show the compositional stability and quality of ferrites prepared by solid state reaction method. This is a desirable characteristic for various applications such as broadband pulse transformer and wide band read-write heads for video recording [17] . The flat region up to the frequency where it starts declining rapidly is known as the zone of utility of the ferrites. The frequency at which ´ attains the highest value and after decreases, is known as the resonance frequency, f r [18] . Resonance frequency, f r is shifted to a higher value of frequency as increasing Mg content. However it was possible to observe the resonance peaks as x=1.0 seem to appear at frequencies higher than 15 MHz which is maximum frequency limit used in present work. In general, the complex permeability of polycrystalline ferrite is related to two different magnetization mechanisms: spin rotation and domain wall magnetizations [19] . At lower frequencies domain wall motion has major contribution to the permeability than spin rotation. The permeability due to domain wall motion is given by according Globus relation [20] :
where D is the average grain size, M s is the saturation magnetization and K 1 is the magneto-crystalline anisotropy constant. As the domain wall motion is greatly influenced by grain size, its contribution to the permeability is enhanced with increasing grain size.
From Fig. 3 (a) , it is observed that permeability decreases with increasing Mg content.
This variation can be explained by considering variation of grain size and anisotropy constant with increased Mg substitution. As grain size decreases with Mg content so that initial permeability is also showing a decrease trend with increasing Mg content according to Globus relation. On the other hand, smaller grains are associated with more number of grain boundaries, which impede the domain wall motion leading to lower values of initial permeability [21] . Moreover, the microstructure exhibited increased homogeneity with finer grains; at the same time, there is an improved magnetocrystalline anisotropy constant, with the increase of Mg content. All these parameters put together, adversely affect the permeability, causing to decrease its value with increasing Mg content.
DC and AC resistivity
The variation of DC resistivity (log ) at room temp as a function of Mg concentration of Cu-Mg ferrite is shown in Fig. 4 The AC frequency decreases as the frequency increase from 1 KHz to 2 MHz and is illustrates in Fig. 4 (b) . All the samples show the significant dispersion with frequency which is the normal ferrimagnetic behaviour. The resistivity of the ferrites is expected to decrease with an increase in the frequency; this may be due to the low dielectric constant and also depends on the porosity and compositions. This decrease in resistivity with increasing frequency can be explained by conduction mechanism of hopping charge carriers. The increase in frequency enhances the hopping frequency of charge carriers resulting in an increase in the conduction process thereby decreasing the resistivity. Ferrites are low mobility materials and the increase in conductivity does not mean that the number of charge carriers increases, but only the mobility of charge carriers increases. The minimum resistivity occurred when the frequency of the hopping charge carriers is equal to the applied field frequency termed as resonance frequency i.e. the jumping frequency of hopping charge carriers are almost equal to that the applied ac dielectric field. A low resistivity is found to be associated in these ferrites with a high dielectric constant. The resistivity is mainly governed by charge carriers mobility rather than carriers concentration. The resistivity is found to decrease with frequency, which agrees with the relation [23] :
where o is the vacuum permittivity, ε´ and are real and imaginary part of dielectric constant and tanδ is the tangent of dielectric loss.
Dielectric constant
The effect of Mg 2+ content substitution on dielectric constant, ' at different frequency is presented in Fig. 5 shows the variation of dielectric constant with frequency from 1 kHz to 2 MHz in which the dielectric constant decreases with increasing frequency. This is normal behaviour observed in most of the ferromagnetic materials, which may be due to the interfacial polarization as predicted by Maxwell-Wagner [26] . According to their model, the dielectric structure of a ferrite material is assumed to be made up of two layers. First layer being a conducting layer consists of large ferrite grains and the other being the grain boundaries that are poor conductors. According to Rabinkin [27] the polarization in ferrites is through a mechanism similar to the conduction process. By electron exchange between Fe 2+ and Fe
3+
, the local displacement of electrons in the direction of the applied field occurs and these electrons determine the polarization. The polarization decreases with increasing frequency and then reaches a constant value due to the fact that beyond a certain frequency of external field, the electron exchange between Fe 2+ and Fe 3+ cannot follow the alternating field. The large value of ´ at lower frequency is due to the predominance of species like Fe 2+ ions, interfacial dislocations pile ups, oxygen vacancies, grain boundary defects etc. [28] , while the decrease in ' with frequency is natural because of the fact that any species contributing to polarizability is found to show lagging behind the applied field at higher and higher frequencies.
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Conclusions
Cu 1-x Mg x Fe 2 O 4 ferrites prepared through solid state reaction showed single phase spinel structure with no secondary phases. By increasing the Mg content the lattice parameters decreased as a result of the smaller ionic radius of Mg 2+ as compared to Cu 2+ ion. The grain size is found to decrease with increasing Mg content. The initial permeability is found to be constant up to certain frequency range showing compositional stability and quality of materials which is applicable for Multilayer Chip Inductors (MLCI). The decrease of the initial permeability is observed with the increase of Mg content due to a decrease of grain size and to variation of magneto-crystalline anisotropy constant. The decrease in DC resistivity with increasing Mg content is attributed to change in cation distribution, formation of excess Fe 2+ ions and the difference in ionic size of the cation.
AC resistivity decreases with increasing frequency due to the conduction mechanism of hopping charge carriers. The dielectric constant decreases with increasing Mg content as well as with increasing frequency which has been explained on the basis of space charge polarization resulting from electron displacement which is due to a major contribution to the dielectric constant in ferrites. Bottom up technique will be used in future to see the particle size effects on the properties of these ferrites.
